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Technical Standards I ntegration:
Capturing Key Technologies
For Future Space Missons

by Daniel P. Mellen, Danny Garcia,
William W. Vaughan, and Paul S. Gill

Capturing engineering "lessons learned" derived
from past experiences and new technologies, then
integrating them with technical standards, provides a
viable processfor enhancing engineering capabilities. The
development of future space missionswill require ready
access, not only to the latest technical
standards, but also to lessons learned
derived from past experiences and new
technologies. The integration of this
information such that it is readily
accessible by engineering and
programmatic personnel is a key aspect
of enabling technology. This article
addresses the devel opment of a new and
innovative Lessons L earned/Best Practices/Applications
Notes - Standards Integration System, including
experienceswithitsinitial implementation asapilot effort
withinthe Nationa Aeronauticsand Space Administration
(NASA) Technical Standards Program. Included are
metrics on the program, feedbacks from users, future
plans, and key issuesthat are being addressed to expand
the system’sutility. The objectiveisthe enhancement of
engineering capabilities on all aspects of systems
development applicable to the success of future space
missions.

Background
Government and commercial aerospace
organizations in the United States, which are either

planning or engaged in effortsrel ated to the devel opment
of new or improved manned and un-manned space
vehicles, are benefiting from the use of technical standards
and lessons learned gained from previous experiences.
Technical standards are an essential aspect of all
engineering development efforts, but are
of particular significancein the aerospace
industry. In 1997 NASA established an
Agencywide Technical Standards
Program under the direction of the NASA
Chief Engineer. The Program, viaitsweb
site http://standards.nasa.gov, has
undertaken an extensive effort to make
available technical standards, including
relating them to lessons learned data sources, for usein
the development of the Agency’s programs and related
engineering activities.

NASA iscurrently involved in the devel opment of
a Crew Exploration Vehicle (CEV), a next generation
space vehicle designed to support the President’s vision
for arobust space exploration program. Thiseffort will
benefit from the lessons learned from previous vehicle
designs, component devel opments, and operations. One
of the key contributionsto thiscritical development effort
islargely dependent on the applicablelessonslearned that
are identified and applied, as well as the application of
relevant technical standards. Properly applied technical
standards and lessons learned enhance engineering
capabilities. The application of standards and lessons
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learned will reduce the cost of the engineering design
andincreasesystemreliability.

The roots of all technical standards are buried in
lessons learned, and the roots of lessons learned extend
downward into the depths of our experiences. These
experiences, both positive and negative, form the basis
of lessonslearned datasources. To besignificant, lessons
learned must have areal impact onthe program’sfunction
or procedure. Lessons learned must be screened and
validated to assure that they contain accurate technical
content. For the lessons to be effective, they must aso
be applicable and address a specific design process or
decisionthat mitigatesrisk, increases safety and reliability,
or leads to an improved design or process. Once
captured, lessons can then be integrated with technical
standards to form a powerful engineering information
source to enhance not only space vehicle development
efforts, but to improve organizational engineering
capabilities. This article is based on the experiences
gained from theimplementation of the NASA Technical
Standards Program web site, and a pilot study on the
integration of lessonslearned with technical standards.

Discussion

The search for relevant lessons|earned information
can be challenging because most lessons |earned are not
written in astandardized format and are disseminated in
variousmedia. They aredocumented intechnical papers
and memaos, professional journals, and databases, and can
be found in numerous forms. Locating lessons relating
to particular areas of technical expertise or technical
disciplinesis equally as challenging. To overcomethis
obstacle, the simple notion of integrating lessons|earned
with technical standards has proven to be avery viable
means by which the engineering community can locate
and infuse these lessonsinto the design and devel opment
of specific programs and projects.

Examples of lessons learned data sources
incorporated into the NASA Technical Standards
Program web site include:

* NASA/Headquarters - Lessons Learned Information
System

* NASA/Glenn Research Center - Frequently Asked
Questionson Failures

* NASA/Kennedy Space Center - Cryogenic Transfer

Discipline Category

Title

Documentation and Configuration Management,

0000 Program Management
1000 Systems Engineering and Integration, Aerospace

Environments, Celestial Mechanics
2000 Computer Systems, Software, Information Systems
3000 Human Factors and Health

Electrical Systems, Electronics, Avionics/Control
4000 :
Systems, Optics

5000 Structures/Mechanical Systems, Fluid Dynamics,

Thermal, Propulsion, Aerodynamics
6000 Materials and Processes, Parts
7000 System Test, Analysis, Modeling, Eval uation
8000 Safety, Quality, Reliability, Maintai nability
9000 Operations, Command, Control, Telemetry/Data

Systems, Communi cations

Figure 1: Technical Categorization Taxonomy
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Mechanical Design
* NASA/Goddard Space Flight Center - Systems

Engineering Lessons L earned
* American Institute of Aeronautics and Astronautics

(AlAA) Satellite Mission Operations Best Practices
* NASA/Langley Research Center- Lessonsfor Software

Systems

A problem with the lessons |earned-standards
integration effort islocating lessonsfocused on aspecific
technical standards category. To ease this problem, the
NASA Technical Standards Program developed the
technical categorization taxonomy (seeFigurel). These
categories are based on those developed by the
Department of Defense and are the basis for both the
NASA technical standards and the lessons |earned
categorization. In addition to enhancing the search
capability by theend user of the system, thisclassification
enables the user to more readily locate both standards
and lessons|earned applicableto the discipline of interest.
Duringthelifecycleof aprogram, the use of lessons

learned and standards occur at the various appropriate
phases to maximizethe use of technology (see Figure 2).
This technology is then reviewed by the managers and
technical experts to determine the best direction of the
program. As a result of technical decisions and
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Gather Lessons at
Control Gates

accomplishments at the various phases of thelife cycle,
new lessons learned can then be identified and
documented and related to technical standards for use
on future program developments. Thus, the experience
and knowledge gained can be readily made available to
all concerned.

Linking Lessons L ear ned with Standards
Ataglanceit may appear that thelinking of lessons
learned to standards is an easily achievable task. After
reviewing the data and resources during the pilot effort,
it became clear that amajor amount of time and effortis
required to ensureaqualified product. Theinitial effort
requires the location of lessons learned, whether
electronic or paper form. Once thisis accomplished, a
detailed evaluation of the lesson learned must be
performed to determine the validity of the lesson in
relation to aerospace engineering applications. Thisis
an important aspect of the undertaking rel ative to success
of the endeavor. After reading the lesson, a search of
related technical standards must be accomplished. This
entalls a detailed screening of technical standards that
must be performed using specific keywords based on the
content retrieved by the evaluation of thelesson. This
also requires a thorough technical review. The use of
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Figure 2. Infusion into Programs and Projects
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Main Menu | Feedback | Doc Locator Service | Log Out |

MIL-STD-1686 Revision: C 10/25/1955

Back to Search |

Document Summary Page

Back to Index | 1=

Status: Active MNASA Status: Preferred

DoDISS info Mo. of MNASA Accesses since 06/2001: 148

SD0O: MIL Year Reafiirmed:

TITLE: ELECTROSTATIC DISCHARGE CONTROL PROGRAM FOR PROTECTION OF ELECTRICAL AND ELECTRONIC
PARTS, ASSEMBLIES AND EQUIPMENT (EXCLUDING ELECTRICALLY INITIATED EXPLOSIVE DEVICES) (SUPERSEDING

| Request Standard Update Notificationl

[Base - 10/25/1995]

n effective ESD contral program will increase reliability and decrease both

MIL-STD-16868)
Base ‘ Date: 10/25/1995 ‘ 19 pages \fiew Doc View TOC

Document Scope

he purpose of this standard is to establish comprehensive requirements for an ESD control program to minimize the effects of ESD on parts, assemblies, and eguipment.

maintenance actions and lifetime costs. This standard shall be tailored for various types of acquisitions.

LTSN I CE  Submit Application Kate

Applicable i NASA Creation
Revision Aldles Center Date e
All _ JPL Af2GI2001 |Reguires that each facility have a document that describes how they implerment ESD contrals (for example, see
MSFC-ROMT-2318).

Lessons-Learned and Best-Practices

LL/BP No. Title Date Relevance to the Standard
GSFC-0052 Assessment and Control of Electrical Charges This practice references the use of MIL-STD-1656 to establish
comprehensive regquirements for an ESD contral program to
minimize the effects of ESD on parts, assemblies, and eguipment.
LLIS-0151 Throat Plug and Purge Adapter Assembly Grounding 10/51992 This lesson addresses a scenario where improperly grounding the
throat plug and adapter assembly or a lack of grounding may cause
static electricity build-up and electrical sparks which could act as
an ignition source for any flammable vapors present.
LLIS-0301 Electrostatic Discharge (ESD) Wrist Strap Contamination | 94151993 Electrostatic Discharge (ESD) wrist straps can shed conductive
of Magellan Flight Hardware WETALLIC fibers into electronic hardware. _I
I -
ke PRl

Figure 3. Document Summary Page Example

advanced search engine capabilities will enable the
reviewer to achieve better resultsin thissearch and in a
more efficient manner. After reviewing the summary of
thelessons|earned evaluation results, the reviewer must
then physically read the standard relative to the lesson
learned evaluation to ensure the validity of the match.
An independent reviewer should then verify the results.
After completion of this task, the applicable lessons
learned are linked with the standards in the database,
ready for the next user of the system.

Technical Standards|Integration System
NASA'sLesson Learned/Best Practice/ Application
Notes - Technical Standards Integration System has its
origins in the initial technical standards program
requirements that were established by the NASA Chief
Engineer. The purposeof thissystemisto make available
to those users within the "nasa.gov" domain the online

technical standards linked with lessons learned. The
objective is to provide ready access to the most recent
technol ogical advanceswithin the aerospace industry.

The Document Summary Page on the NASA
Technical Standards Program web site contains the
pertinent information about the particular technical
standards document (Figure 3). Theuser isprovided the
title, current revision, status, and an abbreviated scope
of the standards document. If there is an application
note for the particular document, itisalsoincluded. An
application noteisabrief statement submitted by auser
that briefly clarifies or limits the scope, use, or context
of a given technical standard. Also contained on this
Document Summary Page are lessons learned that have
been screened and linked to the particular standard where
relevance between the lesson and standard has been
determined.
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Influencing the Revision of a Standard

Aspart of theflight certification of the High Energy
Spectroscopic Imager (HESSI) spacecraft, a series of
vibration tests at the NASA Jet Propulsion Laboratory
(JPL) were conducted. The structural qualification test,
asine-burst test on ashaker table, subjected the spacecraft
to amajor overtest condition that resulted in significant
structural damage to the spacecraft.

The root cause of the overtest condition was the
mechanical binding (“stiction” or static friction) between
the dlip table and the granite mass. It resulted from
physical contact between a portion of the dlip table and
the granite mass caused by a mechanical failure in the
shaker’ssupport structure. The stiction caused the shaker
system to present highly non-linear gain characteristics
to the control system making it impossible for the
controller to calculate an appropriate forcing function.

Other contributing factors identified were the lack
of facility validation testing, age of the equipment, and
test personnel lacking adequate knowledge of the test
facility and its systems. Even though there are inherent

risks associated with vibration testing, if these factors
had been adequately addressed, thefailure may not have
occurred. Asaresult of thistest and the investigation
that followed, plus similar vibration tests performed for
flight certification of flight hardware, NASA-STD-7004,
Force Limited Vibration Testing, was revised based on
the lessons|earned.

Metrics and Feedback

Metrics play avital rolein providing atrue picture
of the usage of the information on the NASA Technical
Standards Program web site. NASA tracks avariety of
usage metrics for both technical standards and lessons
learned. The standards and lessons |learned metrics
tracked are the number of accesses and the Top 20
downloads. Theseare used to gauge the effectiveness of
theweb siteand also to identify wheretrendsoccur. This
enablesactionsto betaken to modify the program content.
An example of the Top 20 L essons L earned data sources
accessed since July 2000 isshown in Figure 4.

Data Sour ce Accesses
A History of Aerospace Problems, Their Solutions, Their Lessons 465
NASA Preferred Reliability Practicesfor Design and Test 139
NASA LessonsLearned Information System 137
SystemsEngineering“ Toolbox” for Design-Oriented Engineers 129
Systems Engineering Office L essonsL earned 125
Space Engineering LessonsL earned 116
Skylab Lessons L earned 107
Flight Project Lessons L earned Database 100
Software Engineering, Doing Requirements Right the First Time! 92
Working on the Boundaries: Philosophies and Practices of the Design Process 88
Technical Design Review Practices 87
Fastener Torque and Clamp Force Lessons L earned 87
Ariane-5: Learning from Flight 501 and Preparing for 502 73
Spacecraft Electrical Harness Design Practice 73
Electronic Systems Branch Design Handbook Items L essons L earned 72
L essonsfrom the Shuttle I ndependent A ssessment 71
Lessons L earnedin Developing Commercial Off-The-Shelf (COTYS) Intensive Software Systems 70
Launch Vehicle Design Process: Characterization, Technical Integration, and Lessons Learned 70
Satellite Mission Operations Best Practices 66
COT S-Based Software Devel opment: Processes and Open | ssues 63

Figure4: Top 20 L essons L ear ned/Best Practices accessed viathe
NASA Technical Standards Program web site (July 2002-M arch 2004)
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Feedback from the user isavery important feature
of the NASA Technical Standards Programweb site. It
enables improvements to be made to the content of the
web site. A response to the user is normally provided
within 24 hours. Thisservice helpsensurethat al users
remain comfortablewith the performance of theweb site
and get the information required to perform their tasks.
Since May 2001, 1830 comments from users were
received, categorized as follows: 5% change requests,
4% compliments, 10% observations on web site, 62%
guestions, 19% suggestions and general comments.
Incorporating information from the user feedback has
significantly enhanced the program’s content and utility.
Essentially all of the questions occurred in the early
implementation stages of the web site and were associated
with theinstitution of anew “culture” for standards access
and use.

A recent comment was “Regarding your
guestionnaire on the usage of the NASA Technical
SandardsProgram, | have wanted to state for sometime
that the program has been an invaluable tool to mein
all phases of my job which include almost all categories
in the questionnaire. The NASA Technical Standards
Program has greatly facilitated my work by providing
easy access to applicable standards, specifications, and
reports. | have recommended the program to several
colleagues who have also benefited.”

An effort was initiated in June 2003 to assess the
primary usage being made of standards accessed by users
within the "nasa.gov" domain. This was done by
requesting inputs from those logging on the NASA
Technical Standards Program web siteto accessfull-text
standards. This revealed that the primary uses for the
standards products, within the "nasa.gov" domain arein-
house research and development activities (29.7% of
respondents) and development of requirements for
programs/project devel opment (23.4%). Other useswere
verification of a contractor's design and development
processes (17.9%), education and training (10.6%),
acquisition of parts or materials (9.6%), evaluation of
proposal s (3.4%) and other uses (5.4%). Thispilot study
is still underway and will be expanded, thus providing
the NASA Technical Standards Program as well as
managers of the Agency’s programs and projects, senior
Center, and Headquarters managers with a better
appreciation of the importance and use being made of
technical standards products.

Key Issues
Lack of Common Format

Oneof thekey issuesidentified regarding thelessons
learned data sourcesisthe lack of acommon format. A
majority of specificlessons|earned that have been linked
to standards were obtained from the NASA Lessons
Learned Information System (http://Ilis.nasa.gov). These
lessons learned are presented in a common format that
containstitle, description, and lesson learned information
sections. Lessons found in other data sources can bein
the form of program reports, failure analyses, technical
memorandums, technical journal articles, or just alisting
of programmatic or technical lessonslearned. Therefore,
the user must be flexible when searching and reviewing
lessons |learned data sources linked to standards, or
otherwise accessed.

Validation of Lessons L earned

Before being linked to a technical standard, the
lesson must be validated. This takes the effort of
dedicated technical engineers to evaluate the lesson in
detail and determineif itinfactisworthy to be used asa
validated lesson learned. Sincethetechnical community
isso diverse, interpretation of the lesson can take many
paths. It is critical that much attention be given to
engaging technical reviewershaving theright talentsand
engineering experiences. For the best evaluation, a
technical working group reviewing the lessons is the
preferred method to achieve the most viablefinal results.
After thereview iscompleted, thelesson can beintegrated
into the system and linked to arelevant technical standard.

Accessibility

To make the most of the integration of lessons
learned with technical standards and infusethem into the
programs and projects, it is preferred that they be
identified as part of one or more phases of the program
lifecycle. Some, if not most, standards required should
be determined at theinitial program requirementsreview.
Then at subsequent design and devel opment phases, other
standards should beidentified for use, with control gates
installed within the planning to ensure that the lessons
and technical standards are addressed and used to ensure
a successful mission or program. This will involve a
change of culturein the technical community, but it will
be one of high value to the program.
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L ocating Lessons L earned

Locating lessons learned is another obstacle that
must beovercome. Somelessonsmay befound electroni-
cally over thelnternet, and arereadily accessible. Others
may bein paper form stored infiling cabinets, located on
password protected web sites, or proprietary. In these
cases, additional steps are required if they are to be
accessibleto the user.

Awareness of Data Sources and Content

To remain current with technology, as new lessons
are developed and made available, the Standards Pro-
gram web site user must be informed. It is therefore
imperative that announcements, such as“What’'s New”
onthe NASA Technica Standards Program web site or
emails, be provided to theweb site users. The user must
be made aware of the linking of new lessons |earned to
technical standardsin atimely and user-friendly manner
tobeabletotakeadvantageof technology. Devel opment
of thisinitiativeis currently in the planning stages. The
Technical Standards Program Office has deployed new
software, "MetaMatch," devel oped by the University of
Alabama, which enablestherel evancy of lessonslearned
to berelated to technical standards.

Future

Theimportance of integrating lessons|earned with
technical standards cannot be stressed too much. The
ultimatesuccessof futureaerospaceprogramsand projects
will depend onthetechnol ogical advancesthat arereflected
inlessonslearned andtechnical standards. Theutilization
of thisinformationisakey factor inenhancingengineering
capabilities within the aerospace industry. Success
becomes achievable as the culture in the aerospace
technical community changesto more timely accept the
advances and experiences documented in the lessons
learned. Integrating lessons learned with technical
standardsisheavily reliant on current technology andthe
resulting user interface must be both extensive and user
friendly. Thiswill present auniquechallengewithtoday’ s
electronic technology. The implementation of such a
system will most assuredly ensure the success of many
advanced space mission development efforts.
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